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Abstract. “High-Andean fruits” are deemed important because of 
their potential for domestic consumption and exportation. Among 
them, gulupa (Passiflora edulis Sims) is an exotic fruit of good 
acceptance in European markets. However, the technological 
support associated with the crop is incipient and its short shelf 
life leads to rapid deterioration of the product. This fact makes it 
necessary to investigate the physical, physiological and biochemical 
processes that characterize fruit ripening, in order to take actions to 
ensure that it arrives in its best possible condition to the consumer. 
In this context, the current study aimed at identifying enzymatic 
activity in gulupa fruits during pre and postharvest. Plant material 
from the Colombian Gene Bank (administered by Corpoica) was 
used. Fruits of known age were periodically harvested to determine 
the activity of the enzymes α-amylase, polygalacturonase (PG), 
pectinmethylesterase (PME) and polyphenol oxidase (PPO) through 
destructive samplings. It was found that α-amylase and PG are 
linked to the increase of soluble solids, which favors the sweet taste 
of the fruit. In turn, the low activity of PPO enables agroindustrial 
processing without severe fruit browning. 
Key words: Tropical fruit, hydrolytic enzymes, fruit ripening, 
enzyme changes.
Resumen. Los “frutales alto-andinos”, se consideran importantes 
por su potencial de consumo nacional y exportación. Entre ellos 
está la gulupa (Passiflora edulis Sims), reconocida como un frutal 
exótico de buena aceptación en mercados europeos. Sin embargo, 
el respaldo tecnológico asociado al cultivo, es incipiente y su 
corta vida poscosecha conduce al rápido deterioro del producto. 
Esto hace necesario plantear estudios de los procesos físicos, 
fisiológicos y bioquímicos que caracterizan la maduración, con el 
fin de procurar que el fruto llegue en las mejores condiciones de 
calidad a los consumidores. El estudio tuvo como objetivo conocer 
la actividad enzimática en los frutos de gulupa en precosecha 
y en poscosecha, con el fin de contribuir a su manejo en estas 
etapas del desarrollo. Se utilizó material vegetal proveniente del 
Banco de Germoplasma de la nación Colombiana administrado 
por Corpoica, haciendo muestreos destructivos periódicos de 
frutos con edad conocida, para determinar la actividad de las 
enzimas α-amilasa, poligalacturonasa (PG), pectinmetilesterasa 
(PME) y polifenoloxidasa (PFO) en la pulpa del fruto. Se encontró 
que las enzimas α-amilasa y PG, auspician el incremento en la 
acumulación de sólidos solubles, favoreciendo el sabor dulce del 
fruto, en tanto que la baja actividad de la enzima PFO, posibilita la 
transformación agroindustrial, sin que se presente  pardeamiento. 
Palabras clave: Frutos tropicales, enzimas hidrolíticas, 
maduración de la fruta, cambios enzimáticos.
Generally considered enjoyable and highly-demanded 
by consumers, High-Andean fruits are commonly 
marketed fresh in the same region where they are 
produced. These fruits have a short shelf life with rapid 
deterioration of their properties in this phase, which 
affects their quality. Thus, it is necessary to design studies 
of the physical, physiological and biochemical processes 
that characterize their ripening. In the Andean region, 
a wide range of fruit species with good agronomic 
potential have been identified, including round curuba 
or gulupa (Passiflora edulis Sims) (Lobo, 2000). Most of 
the production of this species in Colombia is exported 
(usually to European markets) reaching 2,250 t in 2012, 
with a value of US$ 9,750,000 (Agronet, 2012). 
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Enzymes can be active during postharvest and the 
changes they determine can positively or negatively 
influence fruit organoleptic characteristics, so it is 
important to know the different reactions they catalyze 
in plant tissues, in order to exploit their advantages 
and avoid their undesirable effects (Tomás-Barberan 
and Espin, 2001). A large portion of the fruit protein 
fraction subjected to changes at different stages of 
maturation is constituted by enzymes (Belitz and 
Grosch, 1997; Abu-Goukh and Bashir, 2003), which 
determine, among other processes, susceptibility to 
pre and postharvest handling impairment. Inside the 
fruit, enzymes are involved in catabolic and anabolic 
reactions, acting only in accordance with cell needs. 
If the cells are injured, some enzymes are released 
from their compartments and come into contact with 
the corresponding substrate, resulting in different 
reactions that are not always desirable (Brummell and 
Harpster, 2001). Enzymes perform specific activities at 
different stages of development. However, when the 
plant (or fruit) is used as food, all subsequent changes 
to the optimum consumption point are undesirable 
and should be prevented during handling and storage 
(Haard, 1985).
 
One of the enzymes involved in the reactions of fruit 
ripening is α-amylase (EC 3.2.1.1), which promotes 
the hydrolysis of glycosidic bonds α-1-4 and α-1-
6 of starch, thus producing oligosaccharides such 
as maltose and glucose. This process takes place 
even if the fruit has been separated from the plant 
at the preclimacteric stage. This allows early (pre-
climacteric) harvest, which, when followed by storage 
under controlled conditions, prevents the fruit from 
ripening before commercialization (Bowers, 1992; 
Granados, 1994;  García and Peña, 1995; Seymour and 
Gross, 1996; Willats et al., 2001; Arellano et al., 2005; 
Menéndez et al., 2006).
 
Pectinmethylesterase (PME; EC 3.1.1.11) is related to 
the degradation of pectic substances in the middle 
lamella of cells. PME hydrolyzes the methoxyl and 
carboxyl groups of pectin, giving low-methoxyl pectins. 
This process produces free carboxylic groups (citric 
acid) involved in pH regulation, cell wall ionic balance 
and other hydrolytic enzyme activities. PME activity 
does not affect softening during maturation, but it 
substantially alters fruit integrity during processing 
(Hagerman and Austin, 1986;  Granados, 1994; Willats 
et al., 2001; Aponte and Guadarrama 2003, Menéndez 
et al., 2006). Later on, some other enzymes catalyze 
the hydrolysis of polygalacturonic acid chains, which 
results in single units of D-galacturonic acid (Granados, 
1994). Genomic data have recently shown that PMEs 
belong to large multigene families  whose primary 
and quaternary structures are conserved among plant 
taxa (Pelloux et al., 2007). This enzyme is inhibited by 
phenolic acids and activated by ethylene, as reported 
by Arellano et al. (2005) after investigating its activity 
in black zapote (Diospyros digyna Jacq). 
Polygalacturonase (PG; EC 3.2.1.15) hydrolyzes the 
glycosidic bonds of deesterified polygalacturonides, 
producing sugars and organic acids. Along with 
PME, PG constitutes an enzyme system that causes 
fruit texture degradation and results in suitable 
consumption hardness. However, excessive activity 
increases the concentration of galacturonic acid, 
which causes noticeable softening and makes the fruit 
more susceptible to the attack of pathogens (Bowers, 
1992; García and Peña, 1995; Menéndez et al., 2006).
In the presence of molecular oxygen, polyphenol 
oxidase (PPO; EC 1.10.3.1) catalyzes the oxidation of 
phenolic compounds, not only leading to products 
that are responsible for enzymatic browning during 
harvest, postharvest, processing and storage, but 
largely determining the quality and economic value 
of fruits and vegetables as well. Bruises, cuttings 
and other mechanical plant damage of cell walls 
allow oxygen to permeate and come into contact 
with enzymes and their substrates, which results in 
darkening or browning processes (García et al., 2006; 
Ayaz et al., 2008; Guerrero, 2009; Llorente, 2010; Oort, 
2010). PPO being a membrane-bound enzyme, the 
action of ethylene on membrane permeability during 
maturation can promote the action of the enzyme 
on phenolic compounds (Arellano et al., 2005; Castro 
et al., 2006). Llorente (2010) states that this enzyme 
type has not been assigned a precise location within 
a metabolic pathway and that its biological function is 
not clear yet.  
Given the importance of the reactions in which these 
enzymes take place and their effects on fruit quality, the 
present study aimed at identifying enzymatic activity in 
gulupa fruits during pre and postharvest, in order to 
contribute to crop management at these stages.
MATERIALS AND METHODS
Location. The experimental crop was planted in 
La Selva Research Center (Rionegro, Antioquia, 
Colombia), which belongs to Corpoica (6º7’49’’ N, 
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75º24’49’’ W; 2090 masl; average temperature of 17 °C; 
annual rainfall of 1917 mm; average relative humidity 
[RH], 78%; average sunshine, 1,726 hours/year; and 
average evapotranspiration, 1,202 mm), corresponding 
to a Lower Montane Rain Forest (LM-rf).
Biological material. The trial was conducted in an 
experimental area where 10 gulupa accessions were 
randomly planted. The materials are part of the 
Colombian Gene Bank (administered by Corpoica), 
which, after Amplified Fragment Length Polimorphism 
(AFLP) and Simple Sequence Repeat (SSR) molecular 
marker analysis, was reported to have low genetic 
variability (Ortiz, 2010). According to Angel et al. (2011), 
the fruits were obtained from homogametic flowers 
with and without herkogamy, which were labeled with 
colored threads, these stages being taken as day zero 
of fruit age. Since then on, time records were labeled 
as days after flowering (DAF). The harvest took place 
at 91 DAF as established by Franco et al. (2013).
Experimental procedure. For all analyses, destructive 
samplings were performed every seven days from 49 
DAF to 112 DAF, except for PPO, which was determined 
from 84 DAF onwards. For postharvest analysis, the 
fruits were collected since 91 DAF and monitored 
every seven days until 21 days after harvest, coinciding 
with 98, 105 and 112 DAF. These records were used to 
compare the enzymatic activity of fruits on and off the 
vine. The sampling unit consisted of 10 fruits which 
were randomly gathered from the planted materials, 
forming independently balanced samples with respect 
to fruit size. They were transported in styrofoam boxes 
containing dry ice (internal temperature of 4 °C). 
Determinations were performed at the laboratory of 
Food Science of Universidad Nacional de Colombia, 
Medellin campus. Postharvest variables were assessed 
at the Postharvest Laboratory of Corpoica.
Raw juice was obtained by cutting the fruits across 
the equatorial zone and sieving the pulp and seeds. 
All procedures were performed on a vessel containing 
ice, in order to obtain a temperature of approximately 
4 °C. The resulting juice was placed in an ice-cooled 
container. For enzymatic activity determination, 
the juice of 10 fruits was mixed until complete 
homogeneity, with the subsequent extraction of three 
samples for analysis. 
α-amylase activity. Enzyme extract was obtained by 
homogenizing 5 g of pulp with 10 mL of a 0.05 M 
citrate buffer solution (pH 4.5, 13 mM EDTA, 10 mM 
2-mercaptoethanol, and 1% polyvinylpyrrolidone 
[w/v]). For 40 min, the mixture was centrifuged at 
4,000 rpm and 4 °C on a LABNET® Hermle Z366 
centrifuge. The supernatant was used for enzyme 
analysis. α-amylase activity was determined by the 
method described by Bernfelds (1955) with some 
modifications. 250 µL of enzyme extract were added 
to a 1% starch solution in 0.02 M phosphate buffer 
(pH 6.9) and kept at 23 °C for 10 min. The reaction 
was stopped by adding 500 µL of a 1% DNS solution 
and the mixture was brought to 90 °C for 5 min, after 
which it was cooled in ice bath. Absorbance at 540 
nm was read by means of an UV-Vis Thermo Scientific 
Genesis® 20 spectrophotometer. The activity of 
α-amylase was expressed as µmol min-1 of maltose 
released per mg of total protein under the conditions 
of the experiment.
PG activity. Enzyme extract was obtained by 
homogenizing 5 g of pulp with 10 mL of a 0.05 M 
citrate buffer solution (pH 4.5, 13 mM EDTA, 10 mM 
2-mercaptoethanol and 1% polyvinylpyrrolidone 
[w/v]). For 40 min, the mixture was centrifuged at 4000 
rpm and 4 °C in a LABNET® Hermle Z366 centrifuge. 
The supernatant was used for enzyme analysis. 
Following methodology by Nelson (1944), PG activity 
was determined by spectrophotometric measurement 
(Miller, 1959) of the reducing sugars generated after 
the action of the enzyme on  polygalacturonic acid. 
60 µL of enzyme extract were added to 540 µL of a 
0.4% (w/v) polygalacturonic acid solution in 0.05 M 
acetate buffer, pH 4.0. This mixture was incubated at 
37 °C for 10 min and the reaction was stopped by 
adding 600 µL of a 1% DNS solution. The mixture 
was brought to 90 °C for 5 min, after which it was 
cooled in ice bath. Absorbance at 540 nm was read 
by means of an UV-Vis Thermo Scientific Genesis® 
20 spectrophotometer. PG activity was expressed as 
µmol min-1 of galacturonic acid released per mg of 
total protein, under the conditions of the experiment.
PME activity. Enzyme extract was obtained by 
homogenizing 4.5 g of pulp with 15 mL of an 8.8% 
(w/v) NaCl solution. The mixture was stirred vigorously 
for 30 s and then centrifuged at 4000 rpm and 4 °C 
on a LABNET® Hermle Z366 centrifuge for 40 min. 
The supernatant constituted the enzyme extract, 
which was adjusted to pH 7.5 with 0.1 N NaOH. 
PME activity was determined by monitoring the 
pH change produced by the hydrolysis of the ester 
bond in the polygalacturonic acid molecule through 
bromothymol blue (which absorbs at a wavelength of 
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620 nm) color change. For proper enzymatic activity 
determination, 100 µL of enzyme extract were added 
to 200 µL of a 0.15 M NaCl solution, 100 µL of 0.5% 
(w/v) bromothymol blue and 1 mL of a solution of 
citrus pectin 0.25% (w/v) adjusted to pH 7.5 with 0.1 N 
NaOH. After three minutes, the difference in absorbance 
at 620 nm, which was read by means of a Multiskan 
V1.2 Spectrum Thermo Scientific® spectrophotometer, 
expresses the enzymatic activity as ΔAbs min-1 per mg 
of total protein, under the conditions of the experiment 
(Hagerman and Austin, 1986).
PPO activity. Enzyme extract was obtained by 
homogenizing 4 g of pulp with 20 mL of a 0.2 M 
phosphate buffer solution (pH 7.0) containing 0.4 g 
of polyvinylpyrrolidone (PVP). The mixture was stirred 
vigorously for 30 s and then centrifuged at 400 rpm 
and 4 °C in a LABNET® Hermle Z366 centrifuge for 
40 min. The supernatant constituted the enzymatic 
extract. PPO activity was determined based on the 
method described by García (2006), wherein a unit of 
activity is defined as the amount of enzyme that causes 
an absorbance increase of 0.001 units min-1 at 30 °C. 
One thousand µL of enzyme extract were added to 
1,480 µL of a 100 mM catechol solution and 500 µL 
of 0.2 M phosphate buffer, pH 7.0. The mixture was 
brought to 30 °C for 3 min, after which absorbance 
at 420 nm was read by means of an UV-Vis Thermo 
Scientific Genesis® 20 spectrophotometer for 5 min. 
The activity of PPO was expressed as UA min-1 per mg 
of total protein, under the conditions of the experiment.
Total protein. Total protein was measured by the 
Bradford method (1976), which quantifies the binding 
of Coomassie Blue dye to an unknown protein and 
compares it to a standard curve prepared with different 
concentrations of serum albumin protein (BSA).
Total soluble solids. Total soluble solids were 
determined according to Colombian Technical 
Standard (Norma Técnica Colombiana – NTC) 4624 
by Icontec (1999), using a Milton Roy Company® 
refractometer at a temperature of 20  ºC. Quantification 
was performed on each of the 10 fruits gathered at 
every sampling period.
RESULTS AND DISCUSSION
α-amylase specific activity. An activity increase 
started 63 DAF and reached the highest record at 
70 DAF (Figure 1). Similar results were reported 
by Menéndez et al. (2006), who established that 
yellow passion fruit (P. edulis var. flavicarpa Degener) 
α-amylase activity was more intense in the ninth week 
and then decreased. 
The greatest activity of this enzyme was found to be 
associated to soluble solids concentration increase 
(Figure 2), because the substrate of this enzyme is 
starch (Shiomi et al., 1996; Menéndez et al., 2006). 
Upon hydrolyzed, starch contributes to glucose 
increase, giving the gulupa fruit a sweet taste. 
Postharvest values showed the same tendency of the 
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Figure 1. Specific activity of α-amylase (AA) in fruits of gulupa (Passiflora edulis Sims).
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fruits on the vine, thus ensuring the processing of 
starch by this enzyme and, consequently, an optimum 
fruit quality. 
PME specific activity.Increase and maximum peak of 
this activity (Figure 3) coincided with that observed for 
α-amylase, agreeing with a previous report by Aponte 
and Guadarrama (2005) and Menéndez et al. (2006). 
These authors determined that the activity of this enzyme 
increases towards physiological maturity and then 
decreases at harvest (Figure 3). In the maturation process 
of passion fruit, Aponte and Guadarrama (2003) and 
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Figure 2. Evolution of total soluble solids in fruits of gulupa (Passiflora edulis Sims). 
Menéndez et al. (2006) also observed that the activity of 
this enzyme is higher at the commercial maturity stage, 
with decreased activity during over ripening stages. 
PME activity does not affect softening during ripening, 
but it significantly alters the integrity of the fruit during 
its processing (Granados, 1994; Hagerman and Austin, 
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Figure 3. Specific activity of pectinmethylesterase (PME) in fruits of gulupa (Passiflora edulis  Sims).
1986; Willats et al. 2001; Aponte and Guadarrama 2003). 
PME prepares the fruit for the action of other enzymes 
that catalyze the hydrolysis of polygalacturonic acid 
chains, producing single units of D-galacturonic acid 
(Granados, 1994). During postharvest, PME activity 
showed a tendency to decrease, which contrasts with 
that of other climacteric fruits such as black zapote 
(Diospyros digyna Jacq), where this parameter showed 
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an increase that matched other metabolic events such 
as the production of ethylene (Arellano et al., 2005).
PG specific activity. Like PME, this enzyme is 
associated to fruit ripening. PG showed low activity at 
84 DAF, with a peak at 91 DAF (Figure 4), similar to a 
previous report in yellow passion fruit by Menéndez et 
al. (2006), which these authors observed at a different 
age, though. This was probably due to the different 
geographic location and altitude of the areas where 
the experiments were conducted. The coincidence 
between maximum PG activity peak and soluble solids 
content increase was very clear in this study. During 
postharvest, PG activity followed an increasing trend 
until seven days after harvest, as indicated by Aponte 
and Guadarrama (2005). 
PPO specific activity. The values found in this study 
for the specific activity of PPO in gulupa  were small 
(Figure 5), coinciding with those observed by Falguera 
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et al. (2011) in yellow passion fruit. These records 
showed an increasing pattern during ripening and 
postharvest, consistent with the observations of Lobo 
(1995) in papaya (Carica papaya L.) and Dueñas et 
al. (2008) in pitahaya (Acanthocereus pitajaya sensu 
Figure 4. Specific activity of polygalacturonase (PGA) in fruits of gulupa (Passiflora edulis Sims).
Croizat). In some cases this enzyme shows an intense 
activity after the climacteric peak, producing browning 
problems in fruits like apple (Malus domestica Borkh), 
for which the application of treatments such as 
ultraviolet radiation has been suggested to inactivate 
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Figure 5. Specific activity of polyphenol oxidase (PPO) in fruits of gulupa (Passiflora edulis Sims).
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the negative effect on the juice (Falguera et al., 2011). 
Also during postharvest, PPO showed an increasing 
trend, different from that observed in other fruits such 
as Gros Michel bananas, where Garcia et al. (2006) 
found the lowest activity of this enzyme at advanced 
stages of maturation, suggesting its degradation 
with ripening. The observed values indicate that 
PPO action on polyphenolic compounds is reduced, 
which favors the processing of gulupa (Ayaz et al., 
2008; Guerrero, 2009; Llorente, 2010, Oort, 2010).
CONCLUSIONS
From the point of view of the quality of the fruit, the 
activity of the enzymes α-amylase and PG in gulupa 
(Passiflora edulis Sims) is important because they 
enhance soluble solids increase. The low activity 
of PPO guarantees the industrial processing of 
gulupa juice, probably with only smooth enzymatic 
browning. 
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